We report the results of an experiment in which we studied the near-yrast states in selenium isotopes approaching N = 50 following their population in multinucleon transfer reactions between a 82 Se beam and a 192 Os target. The level schemes for 80,82 Se derived from the current work are compared with restricted-basis shell-model calculations and pair-truncated shell-model calculations. These provide a good description of the yrast sequences in these nuclei using a basis space limited to excitations in the ν ( The study of neutron-rich nuclei is of significant current interest. Of particular focus is the question of the robustness of magic numbers at N, Z = 28, 40, and 50, and the appearance of subshell closures at nucleon numbers 32 and 34 as a function of neutron/proton number. Single-particle monopole energy shifts between specific orbitals can result in a rearrangement of the traditional ordering of subshells associated with nearspherical nuclei [1, 2] , which in turn results in the appearance (removal) of new (traditional) , respectively. Monopole-energy shifts can be inferred from direct measurement of single-particle energies in odd-A nuclei or, alternatively, by identifying configuration-specific decays in the spectral sequences at higher spins [10] . This short article is intended to investigate the proton energy levels above the Z = 28 shell closure for N ∼ 50.
We report the results of an experiment in which we studied the near-yrast states in selenium isotopes approaching N = 50 following their population in multinucleon transfer reactions between a 82 Se beam and a 192 Os target. The level schemes for 80, 82 Se derived from the current work are compared with restricted-basis shell-model calculations and pair-truncated shell-model calculations. These provide a good description of the yrast sequences in these nuclei using a basis space limited to excitations in the ν(p The study of neutron-rich nuclei is of significant current interest. Of particular focus is the question of the robustness of magic numbers at N, Z = 28, 40, and 50, and the appearance of subshell closures at nucleon numbers 32 and 34 as a function of neutron/proton number. Single-particle monopole energy shifts between specific orbitals can result in a rearrangement of the traditional ordering of subshells associated with nearspherical nuclei [1, 2] , which in turn results in the appearance (removal) of new (traditional) magic numbers. Recent reports following initial studies with projectile fragmentation [3] [4] [5] and deep-inelastic reactions [6] [7] [8] [9] have suggested a possible subshell closure for neutron number N = 32 (and perhaps N = 34), associated with a large single-particle gap between the neutron p 3 , respectively. Monopole-energy shifts can be inferred from direct measurement of single-particle energies in odd-A nuclei or, alternatively, by identifying configuration-specific decays in the spectral sequences at higher spins [10] . This short article is intended to investigate the proton energy levels above the Z = 28 shell closure for N ∼ 50.
The nuclei of interest were populated following heavy-ion, multinucleon transfer reactions with a thick target [8, 9, 11, 12] . The beam of 82 Se ions of energy 460 MeV was provided by the tandem XTU and superconducting LINAC ALPI at the Laboratori Nazionali di Legnaro, Italy. The ions were incident on an isotopically enriched (97.8%) 192 Os target of thickness 50 mg/cm 2 backed with a 0.2 mm layer of Ta, thick enough to stop all the reaction products. Reaction γ rays were measured using the GASP spectrometer [13] consisting of 40 Compton-suppressed, coaxial, hyperpure germanium detectors and an 80 element inner BGO ball for γ -ray multiplicity and calorimetry measurements. Events consisting of at least 3 Compton-suppressed germaniums and 2 BGO elements within an event time of approximately 1 µs were written to tape for off-line analysis. The on-target beam current during the experiment was approximately 2 pnA, which resulted in a typical master-trigger rate of 4 kHz over the course of the 6 day experiment. Further details and results of this experiment are presented in Refs. [11, 12, 14, 15] . The data were sorted into symmetric γ -ray energy coincidence cubes and analyzed using standard software packages described in Ref. [16] . Examples of double-gated γ -ray triples spectra from the cube analysis are shown in Fig. 1 . The γ -ray information on the osmium isotopes has been reported elsewhere [11] , but we note again here the high-spin population on the near-target nuclei in the current work. Discrete states with angular momenta of 20h and higher were observed in even-A 186→194 Os, highlighting the effectiveness of multinucleon transfer reactions for the population of near-yrast states in near-stable nuclei. The decay schemes associated with 80, 82 Se deduced from the current work are shown in Fig. 2 . States up to spin 8h have also been reported previously in the N = 48 isotone 82 Se, following deep-inelastic reactions [17, 18] , with a nanosecond isomer associated with the (νg 9 2 ) −2 , I π = 8 + seniority configuration at E x = 3519 keV. Such two-neutron-hole seniority isomers are a standard feature throughout the N = 48 isotonic chain [17, 18] . Three γ rays of energy 1940, 231, and 442 keV were observed to decay from states above the E x = 3519 keV level in 82 Se. Further transitions of energies 1038, 664, 622, 580, 419, and 339 keV have been observed in 80 Se. The ordering of transitions identified in 80, 82 Se was inferred from γ -ray intensity measurements. The thickness of the arrows in Fig. 2 indicates γ ray intensities measured from double-gated spectra. Notably, the 1940 keV γ ray feeds directly to the yrast I π = 8 + state. Where possible, spin and parity assignments were made by comparison with previous studies of these nuclides using Coulomb excitation, β − decay, and inelastic neutron scattering [19, 20] . The statistics in the current work precluded the use of γ -γ correlation analysis for further multipole assignments; however the prompt timing conditions used in the off-line analysis limit likely electromagnetic decays to E1, M1, E2, and possibly M2 character. The current data are consistent with previously reported studies of 80,82 Se performed using the EUROBALL array following population in fusion-fission reactions [21] .
Whilst definite spin and parity assignments were not possible for states in the current work, comparison with both shell-model calculations (see below) and other N = 48 isotones [17, 18, 22, 23] Ni 50 as closed core. The adopted single-particle energies are listed in Table I .
The effective shell-model Hamiltonian includes the monopole and quadrupole pairing plus quadrupole-quadrupole TABLE I. Adopted single-particle energies for neutron holes and proton particles (in MeV). 
where τ (τ = ν or π ) stands for neutron or proton and ε jτ , G 0τ , G 2τ , κ τ , and κ νπ are single-particle energies and strengths of the monopole-pairing interaction, quadrupolepairing interaction, and quadrupole-quadrupole interactions among like nucleons and unlike nucleons, respectively. The strengths of the two-body interactions for protons are fixed to reproduce the experimental energy levels of the singly closed-shell nucleus 84 Se. The strengths of the two-body interactions for neutrons and that between neutrons and protons are adjusted to reproduce the excitation energies of the low-lying states for 80, 82 Se and neighboring even-even nuclei. The detailed framework of the model is presented in Ref. [24] . The adopted strengths of the interactions are as follows In Fig. 3 the predicted energy levels are compared with the experimental data determined for the nuclei in the current work. In general, the shell-model calculations reproduce the experimental levels rather well. The shell model predicts that high spin yrast states (I 10) appear high in excitation energy (>4 MeV). The large energy gap predicted between the yrast 10 + and 8 + levels in 82 Se can be understood simply by the increase in valence space required to allow states of this high angular momentum. It should also be noted that the shell model reproduces the energy gap between the first 6 + and 8 + states in To better understand the structure of the low-lying states, we carried out a pair-truncated shell-model (PTSM) calculation [25] using the same effective interactions as those used in the shell-model calculations. The basis wave function is written as
where S, D, and G are the collective pairs with angular momenta 0, 2, and 4, respectively. The H ν is the noncollective pair, which is made of two neutrons in the In summary, γ -ray spectroscopy of near-yrast states in N ∼ 50 selenium isotopes were studied using deep-inelastic reactions. The level schemes deduced from this work were compared with restricted-basis shell-model calculations and pair-truncated shell-model calculations. States in 80, 82 Se were interpreted in terms of the alignment of g 
